O 2 concentrations often fluctuate over diel timescales within wetlands, driven by 2 5 temperature, sunlight, photosynthesis, and respiration. These daily fluxes have been shown to 2 6 impact biogeochemical transformations (e.g. denitrification), which are mediated by the residing 2 7 microbial community. However, little is known about how resident microbial communities 2 8 respond to diel dramatic physical and chemical fluxes in freshwater wetland ecosystems. In this 2 9 study, total microbial (bacterial and archaeal) community structure was significantly related to 3 0 diel time points in just one out of four distinct freshwater wetlands sampled. This suggests that 3 1
during daytime hours (Cornell & Klarer, 2008; Reeder, 2011; Maynard et al., 2012) . In aquatic 1 3 2 locations experienced more dramatic diel fluxes than zone "A" the previous year. Samples were 1 3 3 taken at each wetland first before dawn, and in the evening before sundown for one day in a 1 3 4 similar way as described for DNA collection (as describe above) with the following 1 3 5 modifications: Two 500 mL bottles were submerged underwater and opened above the sediment- water interface at each sampling point. For each water sample, 120 mL of water were filtered 1 3 7 through each syringe filter system for a total of 4 filters, and a total of 460 mL of water were 1 3 8 filtered for each sample unless filters became clogged before 120 mL of filtrate were able to be 1 3 9 collected. One control sample was filtered in the field using sterile nanopure water at each 1 4 0 wetland location. Filters were flash frozen in an ethanol and dry ice bath in the same manner as 1 4 1 DNA preservation methods described above, as previous studies indicate that the use of RNA 1 4 2 preservatives can result in a biased interpretation of bacterial community composition from 1 4 3 freshwater samples (McCarthy et al., 2015) . Filters were transported on dry ice and stored at - Remaining sequences were clustered into Operational Taxonomic Units (OTUs) at the 0.03 1 7 7 sequence similarity level using the opticlust algorithm. Sequencing reads can be found in the 1 7 8
Sequence Read Archive (SRA) under accession number SRP151564. 3.5 mM. In addition, Bovine Serum Albumin (Promega, Madison, WI) was added to a final 1 9 2 concentration of 0.5 µg/µL. After an initial denaturation at 94˚C for 5 min, 28 cycles of (1) 1 9 3 denaturation at 92˚C for 30 s, (2) annealing at 57˚C for 20 s, and (3) extension at 72˚C for 30 s 1 9 4
were performed and followed by a final extension at 72˚C for 7 min. After PCR, DGGE was performed using 8% (w/v) polyacrylamide gels (37.5:1 1 9 6 acrylamide/bisacrylamide) with denaturing gradients that ranged from 30% to 52.5% (100% electrophoresis, gels were stained with GelGreen Nucleic Acid Stain (Biotium) and imaged using The R statistical environment was used for statistical analyses (R Core Team, 2015). One sample (out of three) of PM zone "B" at the first dusk sampling timepoint was 2 1 4 removed from analysis as it was likely an artefactual result according to microbial community 2 1 5 structure (95% composed of Firmicutes and Actinobacteria), which was distinct from replicates and all other samples (Supplemental Fig. 1 ). If a sample was represented by less than 1,000 2 1 7 sequences and Good's coverage was < 90% (prior to removal of singletons and doubletons), the 2 1 8
sample was also removed from further analyses. Good's coverage estimates ranged from 94.2 -2 1 9
99.6% among samples save for one sample which was estimated at 49.0% coverage due to low 2 2 0 sequencing depth (n = 288 sequences), and was therefore, removed from further analyses. Mantel test (where Euclidean distance was used to generate a distance matrix based on wetlands. perMANOVA was used to explore whether wetlands were distinct in microbial 2 2 7 community structure, and whether interactions between wetland, sampling zone, and time of day 2 2 8
were also significant in explaining differences in microbial community profiles.
9
To further assess the degree of variability among microbial communities between diel 2 3 0 sampling points, each wetland was analyzed individually to control for differences in community PM), particularly within sampling zone "B" (Fig. 2) . The degree to which temperature and pH After quality filtering of sequence data, a total of 11,655,362 sequences remained. Both communities were unique to each wetland ( Fig. 3 ; Supplemental Table 2 ). The differences 2 8 9 among microbial communities were likely driven by distinct environmental conditions among 2 9 0 each wetland, as wetland physicochemistry and community structure were related according to a ranked Mantel test (r = 0.577, p ≤ 0.001). Corroborating this, the NMDS ordination was 2 9 2 correlated to differences in multiple environmental variables (Fig. 3) . Wetlands with distinct were independently examined for relationships between microbial community structure and 2 9 7 environmental fluxes. Further, as interaction effects were significant between wetland and 2 9 8 sampling zone (perMANOVA, r 2 = 0.06, p ≤ 0.001), each wetland was also explored to examine 2 9 9
whether microbial communities were spatially distinct.
3 0 0
Microbial community structure consistently varied between sampling zones according to 3 0 1 perMANOVA and NMDS within each wetland ( Fig. 4 ; Supplemental Table 4 ). These results 3 0 2
show that spatial differences exist within the tested 3-meter scale and underscore the importance type (defined as at least 75% of one morphotype). Thus, it is reasonable to suggest that point of
sampling has a profound effect on microbial community structure even at finer spatial scales than 3 1 1 "vegetation zone" within wetlands, possibly related to differences in water depth.
1 2
Changes in microbial community beta diversity between dawn and dusk time points were 3 1 3 only significant in zone "B" of MM according to perMANOVA (r 2 = 0.140, p = 0.007). Interestingly, total community structure was variable in zone "B" of MM (based on sequencing stagnation, whereas the freshwater wetlands studied here were closed, stable systems. temperature, and pH). It has been shown that some microbial taxa may retain the ability of Microbial dormancy may also be contributing to a lack of community structure differences 3 3 0 between dawn and dusk within wetland water. Inactive community members have been found to Diel fluxes showed little to no influence on beta diversity, however, these communities 3 4 0
were further explored at a finer resolution to determine if potential subnetworks of taxa may the subnetwork most related to dissolved oxygen concentrations was 34.6% predictive of 3 4 7 dissolved oxygen levels according to PLS modeling. Additionally, the same subnetwork that 3 4 8 correlated to DO (r = 0.7, p = 0.01) also significantly correlated with shifts in temperature (r = 3 4 9 0.7, p = 0.01) (Fig. 6 ). This subnetwork was composed of taxa spanning several phyla and 3 5 0
individual OTUs whose relative abundances were (either positively or negatively) correlated (Armatimonas rosa) was isolated from the rhizoplane of a common wetland grass Phragmites VIP scores and were negatively correlated to dissolved oxygen included those related to 3 6 0
Methylococcales and other Proteobacteria, as well as Verrucomicrobia Subdivision 3. Methylococcales, an order of bacteria representing known methanotrophs, has been shown to While there were no significant differences in total microbial community structure 3 6 8 between dawn and dusk within PM, WGCNA found a subcommunity that was significantly according to PLS modeling. This subnetwork correlated with DO (r = 0.78, p = 0.004), and also 3 7 2 correlated with pH (r = 0.83, p = 0.002) ( Fig. 7) . OTUs with high VIP values that positively Rheinheimera have been isolated from freshwater sources and characterized as facultative anaerobes capable of nitrate reduction (Kalmbach et al., 1999; Merchant et al., 2007; Chen et al conditions. Ohio J Sci 108(3): 31. consumption and nitrous oxide production in rivers measured at the whole reach scale.
1 0
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